Choreographies are a form of service composition in which partner services interact in a global scenario without a single point of control. The absence of an explicitly specified orchestration requires changes to requirements practices to recognize the need to optimize software services choreography and monitoring for satisfaction with system requirements. [Question/problem] We developed a requirements-led approach that aims to provide tools and processes to transform requirements expressed on service-based systems to QoS-aware choreography specifications. [Principal ideas/results] The approach is used by domain experts to specify natural language requirements on a service-based system, and by choreography designers to adapt their models to satisfy requirements more effectively. Non-functional requirements are mapped to BPMN choreography diagrams as quality properties, using the Q4BPMN notation, that support analysis and monitoring facilities.
Introduction
Choreographies are a form of service composition in which, unlike orchestration, services interact to achieve a goal without a single point of control [1] . The increased flexibility of architectures based on choreographies can deliver more adaptive servicebased systems that satisfy more ambitious requirements of certain types on these systems. However, we still need new techniques to design flexible choreographies that can be argued to satisfy system requirements, and new mechanisms for monitoring services invoked in these choreographies to show continued requirements satisfaction. The traditional approach to service composition uses orchestration coordinators and arranges services according to a predetermined business logic and execution order [2] based on design choices about the type and granularity of available services. This execution order and logic is often expressed as a workflow using notations such as BPEL [2] . Whilst service orchestration is a widely deployed form of system architecture, it can result in a failure to satisfy requirements in increasingly adaptive environments as the predefined execution order and/or business logic can be rendered invalid by changes to a service consumer's context. One advantage of service choreographies is that they impose fewer architecture-level constraints than orchestrations, and as a consequence have greater potential to deliver adaptive systems that continue to satisfy the evolving requirements on them. They make fewer design choices about the granularity of services to be invoked, an execution order for these services does not need to be specified, and business logic is specified independent of the services [3] .
Requirements work is needed to specify the required behavior and qualities of choreography activities in a model. Quality of Service (QoS) has been acknowledged as a main concern in service-oriented computing (SOC) and in QoS-aware service composition. Relevant work in SOC includes quality-of-service ontologies and measurement [e.g. 4], however little research or practice traces service qualities back to the originating quality requirements on the systems. These specified behaviors and qualities are needed to guide local enactment of services and to enable the run-time monitoring of each choreography activity for continued requirements satisfaction. Indeed, this alternative paradigm for service technology creates new challenges, including how to:
1. Optimize the specification of choreography diagrams with respect to system requirements; 2. Associate specified system requirements with choreography activities in a choreography diagram; 3. Enhance choreography diagrams with quality properties that trace system requirements, to support analysis and monitoring facilities.
In this paper, we report results from the CHOReOS project (www.choreos.eu) to address the three challenges using a real-world dynamic taxi management example. The next section outlines the CHOReOS approach for specifying QoS-aware service choreographies. In sections 3 and 4 we report how this requirements approach uses user task models to generate a first-cut BPMN choreography diagram. Section 5 describes Q4BPMN (http://labsedc.isti.cnr.it/tools/q4bpmn) for extending BPMN models with specifications of different types of quality properties [5] , and how these extended models can drive the instantiation of corresponding monitors. Section 6 presents lessons learned and the paper ends by looking at related work, reviewing current omissions in the approach, and outlining the next steps.
The CHOReOS Approach
Among the various challenges posed by the vision of the Future Internet (FI) [6] , is how to provide user-centric processes to support the whole life cycle of SOC systems from their design, to their development, up to their maintenance and governance at run-time [7] . Requirements specification is a fundamental part of dealing with this
